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A B S T R A C T

Wear debris seems to be the most likely reason for osteolysis in THA. The aim was to show the influence

of head and acetabular liner revision surgery on osteolytic zones around the femoral component.

Can head and inlay revision surgery reduce the size of the osteolytic zones around the femoral

component? Which patients could benefit?

47 patients (51 hips), who had undergone THA head and inlay revision surgery between 1999 and

2011, were reviewed. The mean lifetime for the prosthesis was 15.1 years (8–26, standard deviation 4.5)

and the mean follow-up for head and inlay was 39.2 months (12–113, standard deviation 30). The heads

used in revision surgery were made of metal (26) and ceramics (25). In 36 cases a ultra-high-molecular-

weight polyethylene inlay was taken, in 15 cases a regular PE-inlay. We compared the pre-surgical and

follow-up anterior–posterior X-rays.

The mean size of radiolucent areas before revision surgery was 147 sq.mm (5–389 sq.mm, standard

deviation 115).

Thirty-nine months (12–113) after surgery, their mean size was 145 sq.mm (7–604 sq.mm, standard

deviation 124). Radiolucent zones exceeding 100 sq.mm could be reduced by an average of 28% in 18 out

of 29 cases.

The results showed an improvement in 29 out of 51 cases and a stop of progress in one case. According

to the findings there may be a benefit for patients with big radiolucent areas.

� 2016 Prof. PK Surendran Memorial Education Foundation. Published by Elsevier, a division of RELX

India, Pvt. Ltd. All rights reserved.
1. Introduction

Although it is commonly accepted, that wear debris in total
joint replacement may cause osteolysis and loosening, a radiologi-
cal study of the effects on osteolytic processes after changing head
and inlay in total hip arthroplasty is missing. Most data available
deals with the clinical outcome after revision surgery, so it was
tried to assess the radiological changes of the bone-ingrowth of the
implant. The aim was to show that head and inlay revision surgery
can reduce the growth of osteolytic zones around the stem in
uncemented total hip replacement. The questions we wanted to
answer were: Can head and inlay revision surgery in patients with
osteolytic areas around the femoral component reduce the size of
the osteolytic zones? For which patients can we find a benefit?
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2. Materials and methods

By using the history of performed surgeries, 178 patients who
had to undergo revision of head and inlay between 1999 and 2011,
were selected. For the retrospect study it was necessary to exclude
patients who had received either a new femoral or acetabular (63)
component and those who had suffered from traumatic loosening
(8) or infection (14). Further more reasons for exclusion were the
second revision of head and inlay (3), removal of the prosthesis (2)
and a cemented femoral shaft (1). A short time from primary to
revision surgery (7) as well as death (5) led to exclusion from our
study.

So 75 patients remained. It was possible to review 47 of them
(62.6%, 18 male, 29 female, 27 right, 24 left hips). The mean lifetime
for the prosthesis was 13.6 years (8–20, standard deviation 3.7)
and the mean follow-up for head and inlay was 15.1 years (8–26,
standard deviation 4.5). In the cohort the most common primary
head was ceramics (35) followed by metal (11) and the Metasul
(Zimmer, Freiburg, Baden-Württemberg, Germany) tribological
pairing (5). The heads used in revision surgery were made of metal
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Fig. 1. The majority of the radiolucent areas was, as expected, evident in the Gruen

zones 1 and 7.
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Figs. 2 and 3. Reduction of osteolytic zones by 46% within 33 months.
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Fig. 2 and 3. (Continued ).
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(DePuy, Warsaw, Indiana, USA, 26; Zimmer Tribosul 2; Zimmer
Durasul 15) and ceramics (Zimmer Sulox/Biolox 8). The primary
size was 28 mm in 27 cases and 32 mm in 24 cases. In revision
surgery a 28 mm head was chosen 28 times and a 32 mm head
23 times. In 15 hips a ultra-high-molecular-weight inlay was
taken, in 36 hips a Zimmer Durasul cross-linked ultra-high-
molecular-weight one.

For analyzing the osteolytic zones on the anterior–posterior X-
rays, an image editing software called GIMP, version 2.8, was used.
Because the aim was to assess the quantity of radiolucent zones
around the femoral shaft, it was necessary to find a way to measure
their size as accurate as possible. By knowing the size of the ball
head and coloring it, it was possible to calculate any other
isochromatic stain in the X-ray. Histograms were used to analyze
the amount of colored pixels which was needed to cover the ball
head and the radiolucent zones. Then the size of the osteolysis
could be easily calculated. The X-rays taken before and after
revision surgery were compared and the change of size of the
periprosthetic radiolucent zones was analyzed. The results were
double-checked and it was noticed, that the measurement error
did not exceed five percent in any case. For describing the
localization of the osteolytic zones the classification of Gruen et al.1

was used (Fig. 1).

2.1. Statistical methods

The arithmetic average size was used to compare the
preoperative size of radiolucent areas to the postoperative. The
standard deviation for both numbers was calculated.

3. Results

Although we did not have the chance to get volumetric data of
the osteolytic areas, we were able to find an interesting
development in our cohort on follow-up.

The pre-revision anterior–posterior X-rays, on average taken
nine years after implantation, showed osteolytic zones with a
wide-spread size. Their mean size was 147 mm2 (5–389 mm2,
standard deviation 115).
Fifty-four months (12–113) after surgery, their mean size was
145 mm2 (7–604 mm2, standard deviation 124). In both cases the
enormous standard deviation proves the broad distribution.

The mean relative enlargement of the osteolytic zones was
10.5% (�86% to +305%). In 29 cases (57%) a reduction of radiolucent
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areas could be found, in 22 cases (44%) an increase was evident
(Figs. 2 and 3).

Due to our small cohort, it was not possible to find any relation
between material or size of the femoral head and the progression
of osteolysis.

No relationship between the lateral opening of the acetabular
component and the rate of osteolysis, as Schmalzried et al.2

described it, was found.

4. Discussion

Schmalzried et al. showed that there is a relationship between
polyethylene debris particles, the macrophages and the presence
of osteolytic zones.3 Apart from that, his study made clear, that
wear particles may be found far away from the articular surface.

Margevicius et al.4 as well as Maloney et al.5 tried to
characterize the quality, the quantity and the size of wear particles
around total hip prostheses and showed that the amount of debris
in failed arthroplasty is often underestimated.

According to Dattani,6 reasons for radiolucent zones around the
femoral component in THA may be aging, adaptive bone
remodeling, migration of the prosthesis, fluid pressure and wear
debris. In combination with the other reasons mentioned above,
debris, whether an ionic one from metal-on-metal tribological
pairings, polyethylene, or cement, may lead to a release of
proinflammatory mediators and the activation of osteoclasts.7

Oparaugo et al.8 showed a direct correlation between volumet-
ric wear-rates, incidence of osteolysis and revision rates. Although
we could not compare volumetric wear-rates to the size of
osteolytic zones and their development after revision surgery, it is
likely that the early interruption of tribological effects may avoid
replacement of the whole prosthesis.

Since wear debris may be the most likely reason for osteolysis in
prosthetic surgery, it was possible to show that changing the
weight bearing and articulating parts of the prostheses can stop or
even reverse the progress of bone loss in certain cases. 47 patients
at an average of 39.2 months after they had had revision surgery
could be reviewed, which showed an improvement of the situation
in 29 out of 51 cases. Despite the little number of patients, the
interval between surgery and follow-up gave us the chance to
observe the developments very accurately and get reliable data.

Due to our findings in cases with large osteolytic areas, which
showed an improvement in 29 out of 51 cases we believe that the
revision surgery and change of the weight-bearing parts is a
reasonable way to avoid a worse situation for the patient.

As expected, osteolytic areas were more often found in the
proximal Gruen zones.

The main problem was to find a way to measure the osteolytic
zones properly. By having the femoral head as a reliable reference
it was possible to evaluate any area on a radiograph obtaining
exact numbers. Using a freeware tool seemed to be the easiest way
of calculation. One source for measurement errors could be the
malalignment of the leg when taking the X-ray, which may lead to
occultation of radiolucent areas. It is believed, that this is the main
reason for the limitation of the study. There are only two ways to
avoid that: It is either necessary to take the radiograph with a X-ray
TV system, which makes it possible to check the position of the
implant properly or to use a CAT scan. The CAT scan is definitely the
most exact way to calculate osteolysis9 because it is possible to
evaluate volumetric data and not only plane surfaces. Despite
those possible sources for errors, the methods are on the one hand
less burdensome for the patient and on the other hand easy to
handle and exact enough to obtain reliable data.

There have not been any complications in the cohort after
revision surgery. Even those patients, whose radiograph showed
heavy bone loss, did not appear clinically affected.

There is definitely a need for further studies on this topic,
especially to make it possible to assess the different materials for
head and inlay in revision surgery.

Although the study is limited due to the described problems
with measuring the osteolytic zones, the results showed an
improvement of the situation in 29 out of 51 cases and a stop of
progress in one case, which makes the authors assume that there
may be a benefit for the survival rate of the implant, especially in
patients with a high rate of osteolysis. It is necessary to keep in
mind that wear is a function of use, not time10 with the
consequence of a close follow-up in patients who are more active
in order to avoid the need of full revision surgery.
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